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Purpose
ACOSOG Z0011 established that axillary lymph node dissection (ALND) is unnecessary in patients

with breast cancer with one to two positive sentinel lymph nodes (SLNs) who undergo
lumpectomy, radiotherapy (RT), and systemic therapy. We sought to ascertain RT coverage of the
regional nodes in that trial.

Methods
We evaluated case report forms completed 18 months after enrollment. From 2012 to 2013, we

collected all available detailed RT records for central review.

Results
Among 605 patients with completed case report forms, 89% received whole-breast RT. Of these,

89 (15%) were recorded as also receiving treatment to the supraclavicular region. Detailed RT
records were obtained for 228 patients, of whom 185 (81.1%) received tangent-only treatment.
Among 142 with sufficient records to evaluate tangent height, high tangents (cranial tangent
border = 2 cm from humeral head) were used in 50% of patients (33 of 66) randomly assigned to
ALND and 52.6% (40 of 76) randomly assigned to SLND. Of the 228 patients with records
reviewed, 43 (18.9%) received directed regional nodal RT using = three fields: 22 in the ALND arm
and 21 in the SLND arm. Those receiving directed nodal RT had greater nodal involvement (P <
.001) than those who did not. Overall, there was no significant difference between treatment arms
in the use of protocol-prohibited nodal fields.

Conclusion

Most patients treated in Z0011 received tangential RT alone, and some received no RT at all. Some
patients received directed nodal irradiation via a third field. Further research is necessary to
determine the optimal RT approach in patients with low-volume axillary disease treated with
SLND alone.

J Clin Oncol 32:3600-3606. © 2014 by American Society of Clinical Oncology

tomy, whole-breast radiation therapy (RT), and
systemic therapy.

The ACOSOG (American College of Surgeons
Oncology Group) Z0011 trial randomly as-
signed patients with clinically node-negative T1
or T2 breast cancer with one or two positive sen-
tinel lymph nodes (SLNs), for whom breast-
conserving therapy was planned, to completion
axillary lymph node dissection (ALND) versus
no ALND."? At a median follow-up of 6.3 years,
there were no differences in overall survival
or locoregional recurrence between patients
receiving ALND or SLND alone. This practice-
changing trial®~ established that ALND is unnec-
essary after SLN biopsy in patients with breast
cancer like those enrolled who receive lumpec-

3600 © 2014 by American Society of Clinical Oncology

Although the Z0011 protocol required that pa-
tients receive whole-breast RT using standard tan-
gential fields and specified that a third field of
directed nodal treatment should not be used, the
extent of RT coverage of the regional nodes in these
patients has not previously been described; however,
it has been the subject of considerable speculation.®™
It has been hypothesized that radiation oncologists,
who could not be blinded to patients’ treatment
assignments and who had discretion over the extent
of the axillary contents included in tangential fields,
might have systematically treated patients on the
SLN-only arm with high tangents to include a com-
ponent of axillary level I/II more often than those in
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Fig 1. CONSORT diagram. ALND, axillary
lymph node dissection; SLND, sentinel
lymph node dissection.
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the ALND arm.” The goal of this study was to review the RT treatment
records to determine if there were differences in RT delivery based on
extent of axillary surgery.

After approval by local independent review boards, ACOSOG Z0011 enrolled
patients after informed consent between May 1999 and December 2004, with
a total of 891 patients randomly assigned (Fig 1). Of these, 35 patients with-
drew consent from the study and were excluded from all analyses of the trial.
The remaining 856 patients constituted the intent-to-treat sample that has
been previously analyzed for reporting of outcomes (Fig 1).

Information on RT administered to patients enrolled onto Z0011 was
collected in case report forms completed by enrolling providers approximately
18 months after enrollment. With respect to radiation field information, the
response options on the case report forms included breast, supraclavicular,
and other.

Between January 2012 and June 2013, investigators were contacted to
identify all treating radiation oncology practices to request more detailed
radiation treatment records for central review, as was allowed by the trial
protocol. Treating radiation oncologists as well as radiation oncologists cur-
rently practicing at these facilities were contacted to request detailed radiation
records for each patient.

Radiation treatment data were sent to the Quality Assurance Review
Center,'® and the deidentified information was reviewed by two independent
radiation oncologists, who were blinded regarding the arm to which patients
were randomly assigned. These radiation oncologists evaluated whether a
third field had been used, as well as the distance from the cranial border of the
tangential field to the humeral head. As previously described by Schlembach et
al," we considered those in whom the cranial border of the medial tangential
field was within 2 cm of the humeral head to have received high tangents.
Examples of different field arrangements in the records we received are de-
picted in Figure 2.

We determined the distribution of responses regarding administration
of a third field, both within the larger sample of patients for whom case report

il

B

Fig 2. Representative examples of detailed radiation treatment records received and classified as receiving standard tangents, high tangents, or third-field treatment.
(A) Standard tangents. (B) High tangents. (C and D) Third-field and matched tangents from a single patient.
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forms were available and within the subset of patients for whom we were able
to conduct detailed review of radiation records. We evaluated the characteris-
tics of those patients for whom we received radiation records and compared
them with those known to have received RT according to the case report forms
but for whom detailed records were not obtained. Finally, we evaluated the

Table 1. Comparison of Respondents Versus Nonrespondents to Request for
Detailed RT Records
RT
RT Details
Details Not
Obtained Obtained
Total by QARC by QARC
(n=589) (n=228) (n=2361)
Characteristic No. % No. % No. % P
Study arm .23
ALND 288 489 104 45.6 184 51.0
SLND 301 51.1 124 544 177 49.0
Age, years A7
Mean 56.1 55.5 56.6
SD 1.7 10.9 121
Median 55.0 54.0 56.0
Range 24.0-90.0 32.0-90.0 24.0-85.0
Missing 8 3 5
Clinical T stage .64
T 408 69.9 162 71.1 246 69.1
T2 176 30.1 66 289 110 30.9
Missing 5 0 5
Clinical tumor size, cm .60
Mean 1.8 1.8 1.8
SD 0.8 0.8 0.9
Median 1.7 1.6 1.7
Range 0.1-6.0 0.4-4.0 0.1-6.0
Missing 15 1 15
Receptor status .28
ER positive/PR positive 367 67.2 143 68.4 224 66.5
ER positive/PR negative 79 145 27 129 52 154
ER negative/PR positive 7 13 5 24 2 06
ER negative/PR negative 93 17.0 34 163 59 175
Missing 43 19 24
LVI status 1.00
Yes 167 375 68 374 99 37.6
No 278 625 114 62.6 164 62.4
Missing 144 46 98
Modified Bloom-Richardson score .20
1 105 241 40 235 65 244
2 212 486 91 535 121 455
3 119 27.3 39 229 80 30.1
Missing 153 58 95
Tumor type .20
Ductal 487 83.8 184 82.1 303 84.9
Lobular 4 76 15 6.7 29 8.1
Other 50 86 25 112 25 7.0
Missing 8 4 4
No. of lymph node metastases .60
0-1 375 69.8 143 67.4 232 71.4
2 102 19.0 44 208 58 17.8
=3 60 11.7 25 11.8 35 10.8
Missing 52 16 36
NOTE. From among patients known to have been treated with RT.
Abbreviations: ALND, axillary lymph node dissection; ER, estrogen receptor;
LVI, lymphovascular invasion; PR, progesterone receptor; QARC, Quality
Assurance Review Center; RT, radiation therapy; SD, standard deviation;
SLND, sentinel lymph node dissection.

correlates of receipt of a third field, as well as receipt of high tangents versus
standard tangents, within this group.

The analyses were performed using data available as of June 7, 2013.
Continuous data between groups were compared with a two-sample ¢ test.
Fisher’s exact test was used to compare categorical variables. Univariable and
multivariable logistic regression were used to identify patient and tumor char-
acteristics associated with treatment by high tangents. Analyses were per-
formed with SAS software (version 9.3; SAS Institute, Cary, NC). All tests were
two sided, and P values less than .05 were considered statistically significant.
ACOSOG is now part of the Alliance for Clinical Trials in Oncology (Alliance),
and statistical analyses were performed by Alliance statisticians.

Table 2. Comparison Between Arms for Patients Treated With RT for Whom
Detailed Records Were Available

ALND SLND
Total Arm Arm
(n=228) (n=104) (n=124)
Characteristic No. % No. % No. % P
Age, years .34
Mean 55.5 56.1 54.9
SD 10.9 1.2 10.6
Median 54.0 55.0 53.0
Range 32.0-90.0 32.0-80.0 33.0-90.0
Missing 3 2 1
Clinical T stage 46
T1 162 71.1 71 683 91 734
T2 66 289 33 31.7 33 266
Missing 0 0 0
Clinical tumor size, cm .65
Mean 1.8 1.8 1.7
SD 0.8 0.7 0.8
Median 1.6 1.6 1.6
Range 0.4-4.0 04-40 0640
Missing 1 0 1
Receptor status .51
ER positive/PR positive 143 684 69 719 74 655
ER positive/PR negative 27 129 13 135 14 124
ER negative/PR positive 5 24 1 10 4 35
ER negative/PR negative 34 16.3 13 135 21 186
Missing 19 8 1N
LVI status A7
Yes 68 374 36 429 32 327
No 114 62.6 48 57.1 66 67.3
Missing 46 20 26
Modified Bloom-Richardson score .36
1 40 235 16 203 24 264
2 91 53.5 47 595 44 484
3 39 229 16 203 23 253
Missing 58 25 33
Tumor type .047
Ductal 184 82.1 78 76.5 106 86.9
Lobular 5 67 7 69 8 66
Other 25 112 17 167 8 6.6
Missing 4 2 2
No. of lymph node metastases <.001
0-1 143 675 55 585 88 74.6
2 44 20.8 19 20.2 25 21.2
=3 25 11.8 20 21.3 5 42
Missing 16 10 6

Abbreviations: ALND, axillary lymph node dissection; ER, estrogen receptor;
LVI, lymphovascular invasion; PR, progesterone receptor; RT, radiation ther-
apy; SD, standard deviation; SLND, sentinel lymph node dissection.

3602 © 2014 by American Society of Clinical Oncology
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Of the 856 patients who were analyzed in the primary report on trial
outcomes, case report forms regarding RT administration were avail-
able for 605 patients. As previously reported,” 540 of these patients
(89%) were noted to have received whole-breast RT. Of these, 89
patients (15% of 605) were recorded as also receiving treatment to the
supraclavicular region.

We attempted to obtain detailed radiation records for 791 pa-
tients (540 patients known to have received RT plus 251 for whom
adjuvant RT case report forms were not completed). Detailed RT
records were received for central review for 228 of these patients
(29%). Of these, 104 were from the ALND arm (26.7% of 389 patients
randomly assigned to this arm), and 124 were from the SLND arm
(30.7% of 404 patients randomly assigned to this arm). Among the
228 patients for whom detailed RT records were available, 138 had
documentation of three-dimensional treatment planning.

Comparison between patients with RT information available and
those for whom RT was known to have been administered but detailed
records were not submitted is summarized in Table 1. Patients with
RT information available did not differ significantly from those for
whom it was not.

Clinical characteristics of the 228 patients for whom detailed RT
records were available are listed in Table 2. Within this subgroup of
trial patients, patients in the SLND arm were more likely to have ductal
tumors (86.9%) than patients in the ALND arm (76.5%; P = .047). In
addition, as in the overall sample previously analyzed, patients in the
SLND arm had fewer lymph node metastases (P < .001).

Of the 228 patients with detailed RT records evaluated, 185 pa-
tients (81.1%) received tangent-only treatment (Fig 3). Among these
185 patients, there were sufficient data to evaluate tangential field
height in 142 (76.8%). High-tangent RT fields were used in 50% of
patients (33 of 66) randomly assigned to the ALND arm and 52.6% of
patients (40 of 76) randomly assigned to the SLND arm. Table 3
summarizes the association between treatment arm and various pa-
tient characteristics with use of a high-tangent field within the sub-
group with evaluable tangents. Of note, treatment arm was not
associated with use of high-tangent RT on either univariable or mul-
tivariable analysis.

Of the 228 patients with records reviewed, 43 (18.9%) received
directed regional nodal RT using = three fields: 22 in the ALND arm

and 21 in the SLND arm. Within the small group receiving a third
field, treatment of a posterior axillary boost field was more common in
patients who received SLN biopsy alone, but this difference did not
achieve statistical significance (12 of 21 v six of 22; P = .067).

We used multivariable models to evaluate patient characteristics
associated with use of a third field, with treatment arm as an adjusting
variable (Table 4). Those receiving nodal RT had a greater number of
lymph nodes involved (P <.001) than those who did not. Of the three
patients with zero nodes involved (all of whom were in SLND arm),
one received directed nodal RT (using at least one third supraclavic-
ular field). Of the 140 patients with one node involved, 13 (9.3%)
received directed nodal RT: four (7.3%) of the 55 patients with one
node involved in the ALND arm and nine (10.6%) of the 85 patients
with one node involved in the SLND arm. Of the 44 patients with two
nodes involved, nine (20.5%) received directed nodal RT: three
(15.8%) of the 19 patients with two nodes involved in the ALND arm
and six (24.0%) of the 25 patients with two nodes involved in the
SLND arm. Of the nine patients with three nodes involved, five
(55.6%) received directed nodal RT: two (33.3%) of the six patients with
three nodes involved in the ALND arm and three (100.0%) of the three
patients with three nodes involved in the SLND arm. Of the 16 patients
with = four nodes involved, 13 (81.3%) received directed nodal RT: 11
(78.6%) of the 14 patients with = four nodes involved in the ALND arm
and two (100.0%) of the two patients with = four nodes involved in the
SLND arm. There was no significant difference between the two arms in
the use of protocol-prohibited nodal RT fields.

In this analysis of radiation fields administered to patients in the Z0011
trial, we found that most patients received tangential field RT alone, and
we observed no significant differences in tangential field height between
the two study arms. However, we observed that a nontrivial percentage of
patients in both arms received directed nodal irradiation via a third field,
contrary to protocol requirements. In the subgroup of patients for whom
detailed RT records were available, the highest rates of directed nodal
irradiation were among those with multiple nodes involved.

The optimal management of regional lymph nodes in early-stage
breast cancer has long been the subject of investigation. Four decades

SLND arm
(n=124)

ALND arm
(n =104)

SC field Tangents only SC field
(n=21;16.9%) (n=103; 83.1%) (n=22;21.2%)
Also had PAB Sufficient records to Also had PAB
(n=12; 57.1%) determine field height (n =6; 27.3%)

(n=76;73.8%)

With high tangents
(n = 40; 52.6%)
Mean distance to
humeral head, 0.56 cm

('I;]a:%t;r?t;sso;% Fig 3. Distribution of patients for whom

e detailed radiation treatment records were

I available. ALND, axillary lymph node dis-

Sufficient records to section; PAB, posterior axillary boost; SC,

determine field height supraclavicular; SLND, sentinel lymph
(n = 66; 80.5%) node dissection.

With high tangents
(n =33; 50.0%)
Mean distance to
humeral head, 0.69 cm
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Table 3. Comparison Between Patients Treated With High Versus
Standard Tangents
Standard High
Total Tangents Tangents
(h=142) (=69 (h=73)
Characteristic No. % No. % No. % P
Study arm .87
ALND 66 46.5 33 47.8 33 452
SLND 76 535 36 522 40 5438
Age, years .84
Mean 55.6 55.6 55.5
SD 10.7 11.3 10.1
Median 54.0 53.0 56.0
Range 36.0-79.0 36.0-79.0 38.0-79.0
Missing 3 1 2
Clinical T stage .10
T 97 683 52 754 45 61.6
T2 45 31.7 17 246 28 384
Missing 0 0 0
Clinical tumor size, cm .046
Mean 1.8 1.6 1.9
SD 0.8 0.8 0.8
Median 1.7 1.5 2.0
Range 0.4-4.0 0.4-4.0 0.6-4.0
Missing 1 0 1
Receptor status .69
ER positive/PR positive 91 695 40 645 51 739
ER positive/PR negative 15 1156 8 129 7 10.1
ER negative/PR positive 3 23 32 1 1.4
ER negative/PR negative 22 16.8 12 194 10 145
Missing 11 7 4
LVI status .85
Yes 41 350 19 333 22 36.7
No 76 65.0 38 66.7 38 63.3
Missing 25 12 13
Modified Bloom-Richardson score 1
1 28 259 17 34.0 11 190
2 62 57.4 28 56.0 34 58.6
3 18 16.7 5 100 13 224
Missing 34 19 15
Tumor type .15
Ductal 108 77.1 57 838 51 708
Lobular 12 86 5 7.4 7 9.7
Other 20 143 6 88 14 194
Missing 2 1 1
No. of lymph node metastases .59
0-1 97 740 50 782 47 702
2 29 221 12 188 17 254
=3 5 38 2 31 3 45
Missing 11 5 6
NOTE. From among those with evaluable tangential fields.
Abbreviations: ALND, axillary lymph node dissection; ER, estrogen receptor;
LVI, lymphovascular invasion; PR, progesterone receptor; SD, standard devi-
ation; SLND, sentinel lymph node dissection.

ago, the NSABP (National Surgical Adjuvant Breast and Bowel Proj-
ect) B-04 trial randomly assigned clinically node-negative patients to
radical mastectomy, total mastectomy with nodal irradiation, or total
mastectomy alone (with delayed axillary dissection for those with
axillary recurrence). In that study, survival outcomes were equivalent
in the three arms. Moreover, although 39% of patients who under-
went radical mastectomy were node positive,'> only 19% of patients

3604 © 2014 by American Society of Clinical Oncology

Table 4. Logistic Models for Treatment With Supraclavicular RT for Patients
Treated With RT for Whom Detailed Records Available
Variable OR 95% Cl P
Age, years 0.99 0.96 to 1.02 41
Arm 1.36 0.70to 2.65 .37
Clinical T stage (T1 v T2) 1.08 0.52t02.27 .83
Arm 1.32 0.68t02.57 A1
Clinical tumor size 1.05 0.681to0 1.62 .84
Arm 1.30 0.67 t0 2.53 44
Hormone receptor status
(positive v negative) 1.18 0.42t0 3.33 .75
Arm 1.82 0.88t03.76 1
LVI (present v absent) 0.74 0.33t0 1.68 48
Arm 2.10 0.92t04.76 .073
Modified Bloom-Richardson score 74
1 0.68 0.211t02.22
2 0.70 0.27t0 1.85
3 1.00 Reference
Arm 2.19 0.96 t0 5.02 .063
Tumor type .073
Ductal 7.46 0.97 to 57.54
Lobular 1.92 0.11t0 33.34
Other 1.00 Reference
Arm 1.72 0.861t03.43 13
No. of lymph node metastases <.001
0-1 1.00 Reference
2 2.48 0.98106.25
=3 34.12 10.54t0 110.42
Arm 0.49 0.20t0 1.22 12
NOTE. Models adjusted for arm assignment: ALND versus SLND.
Abbreviations: ALND, axillary lymph node dissection; LVI, lymphovascular
invasion; OR, odds ratio; RT, radiation therapy; SLND, sentinel lymph
node dissection.

who underwent total mastectomy alone experienced axillary recur-
rence as a first event,'” suggesting the possibility that it may not be
necessary to provide directed locoregional treatment to all axillary
nodal disease.

The ACOSOG Z0011 trial built on this work by seeking to deter-
mine whether axillary node dissection could be safely omitted in
patients with clinically negative axillae who had one to two nodes
found to be positive on sentinel node biopsy, in the setting of breast
conservation with adjuvant whole-breast RT and modern systemic
therapy. Outcomes in Z0011 have been previously reported to be
equivalent, and axillary recurrences were reassuringly rare (0.9%)
among the patients who did not receive axillary dissection.' Indeed,
the observation of such low regional failure rates despite the 27%
incidence of additional nodal disease among patients randomly as-
signed to axillary dissection led the investigators and others to specu-
late that incidental irradiation of the low axilla with standard
tangential fields may have played an important role in ensuring the
excellent outcomes observed in Z0011."'* This, in turn, motivated our
interest in performing our study, which primarily sought to document
the extent to which radiation fields incidentally or intentionally cov-
ered the axilla in patients treated in Z0011.

Our findings that tangent height did not differ between the two
study arms suggest that radiation oncologists did not intentionally
alter their tangential fields to cover more of the axilla in patients
receiving sentinel node biopsy alone in this trial. Still, it is noteworthy

JOURNAL OF CLINICAL ONCOLOGY
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that in approximately half of patients treated in both arms, the supe-
rior border of the tangential field was within 2 cm of the humeral head
and may have led to substantial incidental axillary irradiation. A pre-
vious study has suggested that the average dose delivered to the level I
axilla increases from 66% of prescribed dose with standard tangents to
86% with high tangents, and average dose to level II increases from
44% to 71%. The proportion of level I receiving 95% of prescribed
dose increases from 51% with standard tangents to 79% with high
tangents, and the proportion of level II receiving 95% of prescribed
dose increases from 26% to 51%.'° Therefore, consistent with prior
reports from the Z0011 trialists, we believe that the results of Z0011
should not be extrapolated to patients who do not receive adjuvant RT
or to those who receive RT using partial-breast or prone techniques, in
which substantially less of the axilla is included.

Our finding that a substantial minority of patients received ex-
tended nodal irradiation, including at least the supraclavicular and
infraclavicular (axillary level III) lymph nodes, was unexpected. Con-
troversy persists regarding the optimal radiation field design for the
treatment of breast cancer. The preliminary results of the NCIC (Na-
tional Cancer Institute of Canada) MA20'® and EORTC (European
Organisation for Research and Treatment of Cancer) 22922'7 studies
have suggested that irradiation of the supraclavicular and internal
mammary nodal regions may affect the rate of distant metastases
developing in node-positive patients who receive axillary lymph node
dissection. Whether such treatment might benefit patients with min-
imal axillary disease detected on sentinel node biopsy remains un-
known; a trial randomly assigning sentinel node—positive patients to
breast only or breast plus regional nodal irradiation would be the ideal
way to address the impact of such treatment on patient outcomes. It is
also possible that certain patients with limited axillary disease might
not require any RT at all; a trial examining whether select patients
might avoid both axillary dissection and RT would therefore also be
worthy of consideration. These remain important subjects for future
investigation, because our findings suggest substantial variability in
the extent and even the administration of RT in Z0011.

This study has numerous strengths, including access to detailed
RT records of patients treated in a landmark randomized trial. It also
has limitations. Most noteworthy is the fact that detailed RT records
were only available for approximately one third of patients known to
have received RT. Given the long time that has elapsed since treat-
ment, retrieval of these records was impeded by factors such as the loss
of archived records and inability to reach treating physicians who had
moved or died in the intervening time. Still, we find it reassuring that
the rate of third-field treatment in the patients for whom detailed RT
records were available was similar to that observed in the larger cohort
for whom RT forms were submitted soon after treatment administra-
tion. In addition, we are reassured that the patients for whom detailed
RT records were available did not differ significantly from patients in

the larger sample when compared on a number of clinical and demo-
graphic characteristics. Another limitation is that during the era of the
trial, three-dimensional treatment planning was not performed for all
patients, which constrained our ability to contour and quantify more
specifically the extent of each axillary level included in the treat-
ment fields.

Finally, it is critical to recognize that our observations should not
be taken to suggest that the nodal radiation administered to patients in
70011 was necessary or beneficial. Although we found that a nontriv-
ial minority of patients received more extensive RT than prescribed by
the protocol, it is important to note that a subgroup received no RT at
all. This is noteworthy not because these protocol violations offset
each other but rather because these findings together suggest that
future studies are needed to determine whether certain patients might
safely avoid RT in these circumstances as well as whether others might
benefit from more extensive treatment. Thus, the current findings
serve to motivate further research in this area, including trials cur-
rently under development in the national cooperative group system.
They also support the routine collection in future trials of common
data elements related to locoregional treatment, as developed by the
National Cancer Institute Breast Oncology Locoregional Disease Task
Force,'® as well as the consideration of real-time RT quality assurance
to decrease unwanted heterogeneity in adjuvant treatment design in
future studies. In the meantime, these findings continue to support the
conclusion in the original publications of the Z0011 trial that patients
with positive sentinel nodes who do not undergo axillary dissection
should receive at least tangential RT; given the findings of our study, it
is not unreasonable to also consider additional nodal treatment in
selected patients.

Disclosures provided by the authors are available with this article at
WWW.jCO.0rg.
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GLOSSARY TERMS

a negative prognostic factor.

sentinel lymph node: the lymph node that is anatomically
located such that it is the first site of lymph drainage from the
location of the primary tumor. It is suspected and assumed that if
a malignancy is going to disseminate via the lymphatic system,
metastases will first be evident in the sentinel lymph node. In this
manner, this lymph node is said to stand guard or sentinel over
the metastatic state of the tumor. For many cancers, the sentinel
lymph node is biopsied as part of the staging process and pres-
ence of macro- or micrometastases in the sentinel lymph node is
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